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Purpose: The purpose of this article was to report our long-term results of distal vertebral artery (DVA) reconstruction.
Method: From 1978 to 2001 we performed 352 DVA reconstructions on 323 patients (177 men, 148 women; mean age,
60.0  12.1 years). Symptoms of vertebrobasilar insufficiency were present in 332 cases (94.3%). Bypass grafting using
mostly saphenous vein graft was performed in 240 cases (68.2%). In 102 cases (29.0%) the DVA was transposed into the
internal carotid artery (ICA). Other techniques were used in 10 cases.
Results: Stroke caused all 7 deaths (2.0%) in the early postoperative period. There were 5 nonfatal strokes (1.4%). Strokes
were hemispheric in 7 cases (6 ipsilateral, 1 contralateral) and vertebrobasilar in 5 cases. There were 6 strokes (2.3%) in
the subgroup of 264 isolated DVA reconstruction and 6 strokes (6.8%) in the subgroup of 88 procedures involving
combined ICA and DVA reconstruction (P < .04). Temporary paralysis of the spinal accessory nerve occurred in 26 cases
(7.4%). Intraoperative or early postoperative angiography findings were available in 341 of 345 cases (98.8%). Early
postoperative occlusion occurred after 25 procedures (7.1%). Complete clinical follow-up was available for 313 (99.1%)
of the postoperative survivors. Mean duration of follow-up was 99.5  62.5 months. Assessment of late patency was
performed in 343 (99.4%) of 345 cases by angiography (21.2%) or duplex scanning (78.8%). A total of 65 (23.7%)
patients died during follow-up. No deaths resulted from vertebrobasilar or hemispheric stroke. Cumulative Kaplan-Meier
survival rate was 89.0% 3.9% at 5 years and 75.4% 7.1% at 10 years. Significant vertebrobasilar symptom-free rate was
94.0%  3.5% at 5 years and 92.8%  3.8% at 10 years. Primary patency rate was 89.3%  3.6% at 5 years and 88.1% 
4.0% at 10 years.
Conclusions: This study clearly establishes the excellent long-term results of DVA reconstruction for the treatment of
extracranial lesions of the vertebral artery. However, every effort sould be made to reduce the rate of early postoperative
occlusions. The subgroup of patients involving combined ICA and DVA reconstruction remains at high risk of
postoperative stroke. (J Vasc Surg 2002;36:549-54.)
Vascular surgeons have been practicing surgical recon-
struction of the distal vertebral artery (DVA) for more than
two decades.1,2 We described our initial results in 37 pa-
tients at the First Conference on Vertebrobasilar Arterial
Occlusive Disease in 1982.3 Ten years later at another
meeting in Detroit, we presented 241 procedures in 222
patients.4 The purpose of this report is to describe the
long-term outcome of our experience that now includes
352 procedures in 323 patients.
PATIENTS AND METHODS
Patients. Between December 1978 and July 2001, we
performed DVA reconstruction on 323 patients including
177 men (54.8%) and 148 women (45.2%) with a mean age
of 60  12.9 years (range, 8-82 years). Preoperative car-
diovascular status was normal in 147 patients (45.5%). The
remaining 176 patients (54.5%) presented with hyperten-
sion and/or coronary artery disease.
The 323 patients in our series underwent a total of 352
DVA reconstruction procedures (Table I). Unilateral re-
construction was performed in 305 cases (94.4%), with two
reinterventions on the same side. Bilateral reconstruction
was performed in 18 cases (5.6%), with five patients under-
going one or more reinterventions. The reconstructed
DVA was located on the left in 194 cases (55.1%) and the
right in 158 cases (44.9%).
Neurologic symptoms. Prior to each reconstruction
procedure, patients were examined by a neurologist with
special interest in vertebrobasilar insufficiency (VBI). In
332 cases (94.3%), examination revealed the presence of
VBI symptoms, as defined by the ad hoc committee.5 Table
II lists the VBI symptoms observed in order of decreasing
frequency. Patients presented one symptom in 43 cases
(12.9%) and two to nine symptoms in 289 cases (87.1%).
Symptoms involved isolated vertebrobasilar transient isch-
emic attacks (TIAs) in 288 cases (86.8%) and vertebrobasi-
lar strokes with minor sequelae in 44 cases (13.2%).
The underlying etiology of VBI6 was determined with
reasonable certainty in 292 cases (87.9%). The mechanism
was hemodynamic in 226 cases (77.4%), embolic in 47
cases (16.1%), and mixed in 19 cases (6.5%). In 185
(75.5%) of the 245 patients presenting with hemodynamic
or mixed VBI, symptoms were triggered by changes in
position or posture.
All patients underwent extensive cardiovascular testing
to allow diagnosis and treatment of problems associated
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with blood pressure and cardiac arrhythmia. When neces-
sary, cardiovascular testing included 24 hours of electrocar-
diography and/or blood pressure monitoring. All patients
with hemodynamic VBI underwent at least 3 months of
optimal medical therapy, including  blockers.
At the time of surgery, functional incapacity resulting
from VBI confined the patient to home in 87 cases (26.2%),
prevented the patient from working in 87 cases (26.2%), or
interfered with normal social life in 138 cases (41.6%). In
the remaining 20 cases (6.0%), functional incapacity was
mainly caused by clinical sequelae resulting from associated
hemispheric stroke. Duration of VBI symptoms at the time
of the operation was less than 1 year in 133 cases (40.1%),
more than 1 year in 174 cases (52.4%), and unknown in 25
cases (7.5%).
Hemispheric symptoms and/or upper extremity isch-
emia were present in 77 cases (21.9%) (Table III), includ-
ing 74 with associated vertebrobasilar symptoms. Overall
257 patients (73.0%) presented with isolated vertebrobasi-
lar symptoms, 74 patients (21.0%) presented with vertebro-
basilar symptoms associated with hemispheric symptoms,
10 patients (2.8%) presented with isolated hemispheric
symptoms, one patient (0.3%) presented with isolated up-
per extremity ischemia, and 10 patients (2.8%) presented
no neurologic symptoms. In the asymptomatic group, sur-
gical repair was performed either because of the presence of
multiple arterial lesions or in association with treatment of
other lesions (arteriovenous fistula, bone tumor) to avoid
sacrifice of a dominant vertebral artery (VA).
Angiography. Angiography was performed to assess
the arteries to the head in all cases. In 63 cases (17.9%),
mostly in the second half of the study, dynamic angiogra-
phy was performed to detect compression of the VA if
conventional angiographic findings failed to account for
clinical symptoms.
Table IV summarizes the lesions of the vertebral arter-
ies observed in this series. Most patients had either bilateral
lesions of equivalent VAs or unilateral lesions of the domi-
nant VA associated with a contralateral VA that was either
hypoplastic, absent, or ended in a terminal posterior infe-
rior cerebellar artery (PICA).
Table V summarizes associated lesions of the internal
carotid arteries (ICAs). Significant ICA lesions (occlusion
or stenosis greater than 80%) were present in 97 cases
(27.5%) on the same side in 49 cases, the opposite side in 10
cases, and bilaterally in 38 cases.
Brain imaging. Cerebral computed tomographic
(CT) scanning has been used routinely since 1982 and was
performed in 243 patients in this series. Findings were
within normal limits in 167 patients (68.7%). In the re-
maining cases, cerebral CT scan demonstrated posterior
infarction in 29 patients (11.9%), hemispheric infarction in
29 patients (11.9%), and isolated cortical atrophic lesions in
18 patients (7.4%).
Cerebral magnetic resonance imaging (MRI) was per-
formed on 84 patients (26.0%) after 1990. Findings were
normal in 44 patients (52.4%). In the remaining cases, MRI
demonstrated posterior infarction in 27 patients (32.2%),
hemispheric infarction in 6 (7.1%), and isolated cortical
atrophic lesions in 7 patients (8.3%).
Surgical techniques. Our techniques of exposure and
repair of the DVA have been described elsewhere.3,4,7-10
The procedures used in this series are listed in Table VI.
Bypass was performed in 240 cases (68.2%) with use of
saphenous vein graft (n 223), an autologous arterial graft
usually taken from the proximal segment of the VA (n 
12), or a polytetrafluoroethylene (PTFE) prosthesis (n 
5). In 102 cases, the DVA was transposed into the ICA.8 In
eight cases (2.3%) an occluded ICA was first endarterecto-
mized and then transposed into the distal VA. In two cases
repair consisted simply of releasing extrinsic compression of
the V3 segment. In one of these two cases, bilateral release
was performed simultaneously in the same patient via the
Table I. Reconstruction of the distal vertebral artery
Procedure(s)
No. of
patients
No. of
arteries
Unilateral 303 303
Unilateral plus reintervention 2 4
Bilateral 13 26
Bilateral plus one or more reinterventions 5 19
Total 323 352
Table II. Preoperative symptoms of vertebrobasilar
insufficiency
Symptom No. %
Disturbances of balance 225 67.8
Nonlateralized dizziness 199 59.9
Blurred vision 140 42.2
Drop attacks 102 30.7
Quadriplegia 60 18.1
Diplopia 56 16.9
Quadrianesthesia 43 12.9
Unilateral hearing loss 44 13.2
Dysarthria 27 8.1
Higher function impairment 24 7.2
Hemianopsia 24 7.2
Wallenberg syndrome 9 2.7
Cortical blindness 7 2.1
Facial paralysis 5 1.5
Table III. Symptoms of carotid artery disease and upper
extremity ischemia
Symptom No. %
Ipsilateral hemispheric TIA 26 33.8
Ipsilateral hemispheric stroke 23 29.9
Contralateral hemispheric TIA 14 18.2
Contralateral hemispheric stroke 10 13.0
Ipsilateral upper extremity
ischemia
13 16.9
Contralateral upper extremity
ischemia
10 13.0
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posterior route. The donor artery was the common carotid
artery in 179 cases (74.6%), carotid artery bifurcation in 18
cases (7.5%), ICA in 31 cases (12.9%), ipsilateral subclavian
artery in 11 cases (4.6%), and proximal VA in one case
(0.4%). Repair was performed at the C1-C2 level in 335
cases (95.7%) and superior to the C1 level in 15 cases
(4.3%). Patients received subcutaneous heparin therapy for
1 month and then a lifelong antiplatelet regimen.
Table VII summarizes associated carotid artery proce-
dures performed before, during, or after DVA reconstruc-
tion. The most common procedure was simultaneous re-
construction of the ipsilateral ICA (n  88, 25.0%).
Follow-up. All patients were reexamined 4 to 6 weeks
after DVA reconstruction. Patients were asked to return for
annual examinations. Updated information for patients
who had not been reexamined in the second semester of
1991 was obtained either by clinical examination or by
contacting the attending physician or family on the tele-
phone. Complete clinical follow-up data were available for
313 (99.1%) of the 316 patients who survived the postop-
erative period. Mean duration of follow-up was 99.5 
62.5 months (range, 1-293 months). All patients with
persistent or recurrent neurologic symptoms were reexam-
ined by a neurologist.
Patency. Intraoperative or early postoperative angiog-
raphy findings were available in 341 of 345 cases (98.8%).
Assessment of late patency was performed during follow-up
in 343 of 345 cases by angiography (n 19, 5.5%), duplex
scanning (n  272, 78.8%), or both (n  54, 15.7%). In
most cases the indication for angiography was persistent or
recurrent symptoms. Angiography was also performed
whenever duplex scanning demonstrated new abnormali-
ties of the reconstructed VA or other arteries to the head.
RESULTS
Early Results
Neurologic complications. Stroke caused all seven
deaths in the early postoperative period (2.0% of proce-
dures, 2.2% of patients). Stroke occurred in the ipsilateral
hemisphere in three cases, contralateral hemisphere in one
case, and vertebrobasilar territory in three cases. Nonfatal
stroke occurred during the early postoperative period in
five cases including three cases involving the ipsilateral
hemisphere and two involving the vertebrobasilar territory.
The cumulative mortality and stroke rate was 3.4% of
Fig 1. Cumulative late survival rates (months) after reconstruc-
tion of the distal vertebral artery.
Table IV. Lesions involving the vertebrobasilar system
Segment Lesion
Ipsilateral Contralateral
No. % No. %
V2 Occlusion 18 5.1 23 6.5
High-grade stenosis 71 20.2 14 4.0
Permanent compression 55 15.6 15 4.3
Positional compression 88 25.0 33 9.4
V3 Occlusion 1 0.3 20 5.7
High-grade stenosis 19 5.4 8 2.3
Permanent compression 17 4.8 6 1.7
Positional compression 46 13.1 21 6.0
V4 Occlusion 1 0.3 15 4.3
High-grade stenosis 3 0.9 2 0.6
Terminal PICA 2 0.6 60 17.0
Table V. Lesions involving the carotid system
Lesion
Ipsilateral Contralateral
No. % No. %
Occlusion 33 9.4 22 6.3
Stenosis 80% 54 15.3 26 7.4
Stenosis 80% 21 6.0 31 8.8
Table VI. Procedures used for vertebral artery
reconstruction
Procedure No. %
Carotid-to-VA bypass (saphenous
vein 223)
240 68.2
Transposition of VA to ICA 102 29.0
Other techniques 10 2.8
Surgery above the C1 vertebral level 15 4.3
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procedures and 3.7% of patients. All but one fatal stroke
occurred in the subgroup of 88 procedures involving com-
bined ICA and VA reconstruction (Table VIII).
Cardiac complications. Nonfatal myocardial infarc-
tion was observed in six cases (1.7%). There were no other
general complications.
Local complications. Paralysis of the spinal nerve oc-
curred in 26 cases (7.4%) but regressed within 2 to 3
months in all cases. Horner’s syndrome developed in 14
cases (4.0%), mainly after combined exposure of V1 and V2
segments. Reintervention was required in nine cases be-
cause of hematoma (n  5) or infection (n  4).
Patency. Early postoperative occlusion of the recon-
structed DVA occurred after 25 of the 352 procedures in
this series (7.1%). In all cases occlusion was extensive,
including the V4 segment. Early ipsilateral reintervention
was not required in any case.
Late Results
Long-term survival. A total of 65 (23.7%) of the 316
patients who survived the early postoperative period died
during subsequent follow-up. The causes of death were
heart disease in 37 cases, unrelated surgical treatment in 7,
cancer in 13, encephalitis in 8, and unknown causes in 10.
No death resulting from vertebrobasilar or hemispheric
stroke was observed during long-term follow-up. Fig 1
shows cumulative survival rates calculated by using the
Kaplan-Meier method including early postoperative
deaths. Cumulative survival was 89.0%  3.9% at 5 years
and 75.4%  7.1% at 10 years.
Effects on vertebrobasilar symptoms. Follow-up as-
sessment of VBI symptoms was available in 226 of the 230
patients (98.3%) who presented with preoperative VBI
symptoms. Three patients were lost from follow-up and
one died before neurologic evaluation could be under-
taken. Cure of VBI was achieved in 144 cases (63.7%).
Major improvement, ie, residual symptoms limited to epi-
sodic nonincapacitating dizziness, was achieved in 55 cases
(24.3%). In the remaining cases, symptoms either did not
change (n 13) (5.8%) or disappeared or improved during
the early postoperative period, only to recur months or
years later (n 14) (6.2%). Worsening of clinical symptoms
was not observed in any case. Fig 2 shows cumulative
significant symptom-free rates calculated for 226 cases by
using the Kaplan-Meier method. Significant symptom free
rate was 94.0%  3.5% at 5 years and 92.8%  3.8% at 10
years.
Late patency. Results of the last follow-up examina-
tion of the reconstructed VA demonstrated occlusion in 35
of 343 cases (10.2%), patency but with permanent or
positional stenosis in 24 cases (7.0%), and full patency in
289 cases (82.8%). Fig 3 shows cumulative primary patency
calculated by using the Kaplan-Meier method, including
the 25 cases with early postoperative occlusion. Cumulative
primary patency was 89.3%  3.6% at 5 years and 88.1 
4.% at 10 years.
DISCUSSION
The results of this larger series with longer follow-up
confirm the encouraging results of our previous reports on
the outcome of DVA reconstruction. The main risk factor
for early mortality–morbidity after DVA reconstruction was
Fig 2. Cumulative freedom from vertebrobasilar insufficiency
(VBI) after reconstruction of the distal vertebral artery. Fig 3. Cumulative primary patency after reconstruction of the
distal vertebral artery.
Table VII. Associated surgery of the internal carotid artery
Before During After
No. % No. % No. %
Ipsilateral ICA 16 4.5 88 25.0 4 1.1
Contralateral ICA 24 6.8 0 0 17 4.8
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simultaneous treatment of associated carotid artery le-
sions. In this series, the combined early mortality and
stroke rate was 3.4% of procedures. Only one fatal stroke
(0.4%) occurred after the 264 isolated DVA procedures
versus 6 strokes (6.9%), all fatal, after the 88 DVA
procedures associated with carotid artery surgery. This
supports the conclusion that patients who undergo com-
bined carotid and VA surgery form a subgroup at higher
risk for postoperative neurologic complications.11,12 In
agreement with other investigators,13,14 we speculate
that patients with multiple lesions of the arteries to the
head constitute a distinct population including older
atherosclerotic patients presenting with more brain in-
farction, more disturbances of hemispheric blood flow,
and limited “cerebral hemodynamic reserve.” As a result,
these patients are more sensitive to the effects of ischemia
during clamping as well as to reperfusion injury. In our
experience, a similarly elevated incidence of postopera-
tive neurologic complications was observed in patients
who underwent combined reconstruction of the carotid
and proximal VA.11
The long-term clinical outcome of DVA reconstruction
was good. With a mean follow-up of 99.4  62.5 months
(range, 1-293 months), cure or abatement of symptoms
was achieved in 78.1% of cases, allowing most patients to
resume a normal or near-normal lifestyle after the interven-
tion. However VBI symptoms can recur as in 6.2% of cases
in our series. In the event of recurrence, the patient must
undergo repeated neurologic and vascular testing, includ-
ing angiography, whenever treatment of associated cardio-
vascular problems and new medical therapy seem ineffec-
tive. Re-intervention may be indicated if repeated
angiography reveals late deterioration resulting from occlu-
sion or permanent or transient stenosis of the reconstructed
VA. We performed reintervention in 11 cases in our series.
A less common cause of recurring symptoms is progression
of occlusive lesions involving the contralateral VA or one or
both of the carotid arteries. In these cases, another recon-
struction procedure can be curative.
The incidence of early postoperative occlusion after
DVA reconstruction in our series was 7.1%. This rate is high
but comparable to that observed in other series.15 Retro-
spective assessment demonstrated that the most common
causes of early postoperative occlusion involved poor indi-
cation leading to competitive flow, technical problems re-
lated to the small size of the VA, and occurrence of spasm or
distal dissection. At the present time we contraindicate
patients with small VAs (diameter2 mm) and are striving
to improve our surgical technique with use of magnification
and intraoperative angiography.
The incidence of late occlusion after DVA reconstruc-
tion was low in our series. Notwithstanding, we recom-
mend that follow-up examinations be performed at least
once a year. In our hands, duplex scanning was an effective
tool for assessing late patency of the distal VA. However
angiography must be performed if duplex scanning detects
any evidence of an abnormality. A major risk factor for
occlusion is positional or postural stenosis that can result
from progressive lengthening of a venous bypass, kinking of
the native VA at or above the distal anastomosis, and
intimal hyperplasia involving the vein graft, VA, or both. If
the validity of the original indication for DVA reconstruc-
tion is maintained, correction of these abnormalities may be
warranted, despite the absence of recurrent VBI symptoms.
Early detection of progression of associated carotid lesions
is also of obvious importance. We think that our aggressive
surveillance policy accounts for the fact that no late stroke
was observed in our series.
The benefits of DVA reconstruction for the treatment
of extracranial lesions of the VA can now be considered as
established. The procedure should be included in the sur-
gical repertoire of any neurovascular surgeon.
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